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Abstract 
Sn-doped ZnO (SZO) thin films were prepared by sol-gel spin-coating method based on zinc acetate 
dihydrate (CH3COO)2 Zn·2H2O, Tin (IV) chloride pentahydrate (SnCl45H2O), 2-methoxyethanol (C3H8O2) 
and diethanolamine ((HOCH2CH2)2NH, DEA.The solution was prepared with various Sn doping content 
in ZnO assigned at 2%, 4%, 6%, 8% and 10%. All films were spin-coated on borosilicate substrates and 
annealed temperature at 550°C for 4 h in air. The structural properties of the films were characterized by 
XRD and SEM and the corresponding results indicated the crystalline structure and surface morphology 
of the films, respectively. UV-VIS transmission spectra was used to determine optical properties of as-
prepared. The increasing Sn doping content into ZnO films results to the enhancement in transparency of 
the films and the observable alternation in their grain size. The photoilluminated current linearly increases 
with increasing bias voltage indicating the good Ohmic contact of the device. The photoresponse of the 
device has significant improvement with increasing Sn doping content. 
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1. INTRODUCTION 
Regarding to  its suitably wide optical band gap of 3.37 eV and high exciton binding energy (60 
meV) [1], ZnO has recently drawn numerous attention for UV-Visible optoelectronic applications 
including light emitting diodes (LED) [2], laser diodes [3] and ultraviolet photodetector. Meanwhile, 
many attempts such as doping, alloying, and fabrication in from of heterostructures [4] have been 
proposed to adjust and enhance its electronic and optical properties to meet desired operating region and 
wavelength.The reports have recently focused on the effort to adjust crucial properties of ZnO by doping 
with appropriate metal additives including Cu, Ag, Ga, Al, In, Sn and Sb [5-7]. The metal doping is an 
effective procedure to modify the grain size, plane orientation, optical and electrical properties of ZnO 
structure. Simultaneously, Sn is known as preferable dopant owing to its significant advantages such as 
low toxicity, low ionization energy and source abundance. Based on these reasons, Sn has been widely 
utilized as an efficient dopant to adjust the optical and electrical properties of variety of semiconductors 
[8].  
In this work, we report on the optical properties and optical response of spin-coated Sn-doped ZnO 
(SZO) with various Sn doping contents of  2%, 4%, 6%, 8% and 10%.   
 
2. EXPERIMENT 
The precursor sol was prepared from zinc acetate dehydrate ((CH3COO)2 2O),2-
methoxyethanol(C3H8O2) and diethanolamine ((HOCH2CH2)2NH, DEA) Tin (IV) chloride pentahydrate 
(SnCl45H2O) was introduced as Sn dopant source. The prepared mixture was vigorously sirred at 100 C 
for 6 h by magnetic stirrer and aged at room temperature for 24 h. The Sn doping content in ZnO was 
assigned at 2%, 4%, 6%, 8% and 10%. All films were spin-coated on glass substrates at room temperature 
with speed of 2500 rpm for 20 s following by pre-heated in air at 100 °C for 10 min. After repeating the 
coating procedure three times, all films were annealed at 550 °C for 4 h in ambient air. The structural 
properties and surface morphologies of as-prepared films were characterized by X ray diffraction (XRD, 
-  in the range of 20-60°. The surface 
morphologies were examined by field emission-scanning electron microscope operated at 10 kV after 
coating with gold. The optical properties of the films were interpreted from their transmission spectra 
using UV- SZO-based 
photodetectors were fabricated on FTO substrate in form of planar MSM structure.  
  
3. RESULTS AND DISCUSSIONS 
As shown in Fig. 1, differential-thermal analyses were conducted on Tin (IV) chloride pentahydrate 
(SnCl45H2O) and zinc acetate dihydrate stock solution in order  investigate its thermal behavior. The first 
weight loss observed by an endothermic peak position situated at 125 °C attributes to the dehydration of 
water in the mixed solution. The second stage which is exhibited by distinct endothermic peak centered at 
280 °C is ascribed to the decomposition of residual organics prior to the formation of tin oxide. The SZO 
is unstable in air at higher temperature and undergoes air oxidation to form ZnO, This shows a gradual 
weight loss from 450-800 °C in TG curve. During this conversion there can be incorporation of S into 
ZnO [9].  
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Fig. 1. DTA curves of Tin chloride and zinc acetate sol gel precursor with Sn = 10% content. 
Fig. 2. X-ray diffraction patterns of Sn-doped ZnO  films with different Sn doping contents. 
 
 
 
 
 
 
 
Fig. 2.shows X-ray diffraction patterns of  Sn-doped ZnO films with various Sn doping compositions. 
These patterns correspond to three main diffraction peaks of crystallized ZnO, namely (100), (002) and 
(101) positioned at =31.8 , 34.5  and 36.2 ,respectively. This result suggests that the as-prepared 
films annealed at 500 °C, and had give polycrystalline films with a hexagonal wurtzite structure. A broad 
pattern of a glass substrate [10]. These diffracted graphs show that the intensities of diffraction peaks 
decline and the crystallinity deteriorate as Sn concentration increases that is in good accrdance with 
previous literature[11]. Fig. 3(a), (b), (c) and (d) illustrate surface morphologies of undoped ZnO, 4%Sn-
doped ZnO films, 6%Sn-doped sample and 10%Sn-doped sample,  respectively. It is clearly observed that 
all films have smooth surface comprising uniform grain size. As the Sn-doping concentration  increases, 
the crystallinity of the film significantly decreases accompanying decreasing grain size. When Sn is 
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introduced into the film, Sn atom may deter the grain growth of ZnO films [12], resulting to the 
significant decrease in grain size of doped films. Fig.5. shows the variation of optical band gap of SZO 
films with different Sn contents. The band gap values of all SZO films were calculated following by the 
equation, 
                                                              (1) 
 
 
 
 
 
Fig. 3. SEM micrographs of undoped film (a), 4 at.% Sn-doped ZnO films (b) ,  6 at.% Sn-doped sample (c) 
and 10 at.% Sn-doped   sample (d) 
 
 
Fig. 4. Optical transmittance spectra of undoped film and Sn-doped ZnO  films with different Sn doping contents. 
 
Where Eg is the optical band gap energy, A is a constant having values between 1 x 105 cm-1eV-1 to            
1 x 106      cm-1eV-1, h   is a photon energy,  is a absorption coefficient. As a result, The band gap of the 
SZO with various Sn was assigned at 2%, 4%, 6%, 8% and 10% can be varied from 3.22 to 3.25 eV by 
varying Sn content. The behavior  regarding the variation in optical band gap with various doping 
concentration may be attributable to the Sn-induced increment in carrier concentration of the film 
resulting in the carrier-induced alternation of band gap known Burstein-Moss effect [13]. Fig. 4.  shows 
½( )h A h Eg
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optical transmittance spectra of ZnO film and  SZO films with various Sn doping composition of  2%, 
4%, 6%, 8% and 10%. All transmission spectra of SZO films have distinct absorption edge in visible 
range, implying excellent quality of as-prepared films by spin coating. All films are highly transparent in 
the visible region with more than 80-95% transparency within visible region. As Sn-doping content 
increases from 0% to 8%, the transmission spectra exhibit the obvious red shift of absorption edge to 
higher wavelength suggesting the lower shift of optical band gap of the film with increasing Sn-doping 
concentration 
 
Fig. 5.The calculated optical band gap of Sn-doped ZnO films with different Sn doping contents. 
 
 
 
Fig. 6. The photoilluminated (  =360 nm) current of ZnO film and SZO films with different Sn doping contents. 
 
Fig. 6.shows the photoilluminated current of ZnO and SZO-MSM photodetector with various Sn- doping  
composition. As seen in the figure, the illuminated current linearly increases with increasing bias voltage 
indicating the good Ohmic contact of the device. Moreover, as Sn composition increases, the illuminated 
current exhibits the obvious increases current of the film with increasing Sn composition. The 
relationships between Ttr and 1/V and the calculation of electron mobility n  following by the equation,     
 
       (2)                                           
n
tr
L
V
T
21
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Where    Ttr is the transit time (s)), L is the interelectrode spacing (mm), V is Applied Voltage (V), n is 
the electron mobility (mm2/Vs). As a result, The electron mobility n  of ZnO film and  SZO films can be 
varied from 1.15to 16.20 mm2/ V·s by varying Sn content at shown in Table 1. This significant 
enhancement in electron mobility increment by increasing Sn doping content introduced into ZnO films 
may be attributable to the increase of electron concentration given by Sn-substituted atom in ZnO lattice 
Table 1. Slope calculation of  Ttr and 1/V and The electron mobility n . 
 
 
 
Sample Slope(V·s) n (mm2/ V·s) 
ZnO 7.80 1.15 
2% Sn-doped ZnO 9.56 0.94 
5% Sn-doped ZnO 1.91 4.70 
8% Sn-doped ZnO 1.91 4.70 
10% Sn-doped ZnO 0.55 16.20 
 
4. CONCLUSION 
Sn-doped ZnO films were successfully deposited by sol-gel route. The characterizations of as-
prepared films were carried out. The XRD, SEM and UV-Vis results disclosed that the crystallization 
quality and grain size of as-prepared films were highly influenced by Sn doping content. The SZO-based 
detector with different Sn contents were fabricated based on MSM planar structure. The devices strongly 
respond to UV spectrum covering wavelength region of 360 nm and indicating the good Ohmic contact of 
the device. Moreover, as Sn composition increases, the illuminated current exhibits the obvious increases 
current of the film. The electron mobility n  of as-prepared film can be varied from 1.15 to 16.20 mm2/ 
V·s. 
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